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Professicnal Engineers Exam
Review Course Problems

1. The 4’x 4’ gate shown is acting as a valve. When the water
level above the top of the gate is 10 ft. find the force T
needed to open the valve. Neglect the weight of the valve,
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2. An empty, horizontal, rectangular, 8 ft. wide, 6 ft. high,
10,000 gallon fuel o0il tank with a weight of 8340# is placed
in an open excavation on a coarse gravel bed such that the top
of the tank is 6 ft. below ground level.

(a) A sudden rainstorm starts to fill the open excavation
with water. To what height in feet above the bottom of
the tank can the water rise before the empty tank will
float?,

{(b) Fuel tanks of this type are sometimes anchored down by
steel straps over the tank tied to a concrete mat poured
in the excavation before the tank is lowered in place.
How many cubic yards of concrete would be required in
this case to keep the empty tank from floating if
completely submerged? Concrete weight 150#/cu. ft.

(¢c) If the tank is full of kerosene (density 50 1lb. per cu.
ft.) and completely submerged in water, would a concrete
anchor be required to prevent floating of the tank? If
so, how many cubic yards of concrete?

3. A triangular shaped vessel as shown loaded weighs 400 tons, is
60 ft. long and has its center of gravity located 13/ up the
triangle. It is afloat in sea water (Y = 641bf/ft%). 1Is the
vessel stable in the loaded condition?
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A pump moves 1.0 cu. ft./sec. c¢f water thru a 6" pipeline.as
shown. P, = 100 psig. Assume tiat the pipe is new commercial
steel throughout and for water Vv
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Water is being pumped from a de:p well through a 10 inch I.D.
cast ir>n pipe line 1000 feet lcng from pump discharge into an
elevated tank whose water surfice is at elevation +300 feet.
When th= pump is operating cont .nuously, the water surface in

K= os

0.1217 x 10°* ft.’/sec.
What is the pressure at "B" in psi entering the machine?
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the well draws down to elevaticn +175 feet.

a pressare of 58 psi. Neglect minor losses.

Recuired: a.
minute.

b. Using a combine! efficiency of 65 per cent,
for the pump anc motor,
cost of pumping .f the average pumping time is

and electric

6 hours

per duy,

available at $0.06 per Kwh.

Glyceria at 5C°F is being pumpet at the rate of 2,500 gal/min
through a flow system which corsists of 1,500 feet of 4 inch
schedul2 40 commercial steel pipe.

It has been suggested that heiting the oil to 100°F would
result .n a more efficient opera:ion. Assuming that electrical
determine which

energy vould be used for pumpir3y or heating,

of thes: conditions would be thk2 most economical.

Tempera:ure

Viscosity

50°" 4000 x 10°% lb-sec/ft?

1007 500 x 107° lb-sec/ft?

The Dep irtment of Energy indica' es that a considerable amount
of res.dential/farm power co:ld be
hydroel :ctric installations.

the fol.owing:

cbtained from
Sich a system might consist of

18

MacriINg

A pressure gage
locatec at the pump discharge at elevation +200 feet indicates

Determine the pimp discharge in gallons per

determine the monthly

energy

Sp. Gr.
1.26

1.20

small



A water pond/dam arrangement in which the water level is
maintained at an elevation of 3870 feet. From a water intake
located 10.0 feet below the pond surface, a 350 foot long, 6
inch Sch 40, galvanized iron pPipe leads to the turbine/
generator unit which is situated at an elevation of 3780 feet.
The discharge pipe (of the same type as the intake pipe) from
the turbine is 2050 feet long and discharges into the air at
an elevation of 3750 feet. A control valve in the discharge
line is set to permit a flow of 58.0 ft/min at a water
temperature of 60°F when the pipe is running full.
Turbine/generator efficiency is 86%. Fitting and
exit/entrance losses amount to 815 equivalent pipe diameters.

REQUIREMENTS

(a) Determine the total frictional loss per pound mass
of fluid.

(b) Determine the shaft work per pound mass of fluid.

(c) Determine the number of 100 W light bulbs that
could be lit by this system.

An existing storage tank is available for use as a feed
reservoir for a new process. It is possible to use the old 1-
in. Schedule 40 line already in place, provided 25 gpm flow
can be obtained. The fluid is linseed oil (viscosity = 15
c.p., specific gravity = 0.92).  The tank bottom is 30 ft.
above the discharge point (open pipe on discharge). The line
contains 65 ft. of straight pipe, 3-90° elbows, 1 gate valve,
and 1 glcbe valve. Will the existing line be adequate?
Assume pipe is wrought iron.

A cast-iron pipe line, 12 inches inside diameter and 10,000
feet long, leading from a reservoir, terminates in a nozzle of
2-inch diameter, discharging into the atmesphere. The center
of this nozzle is 100 feet below the free surface of the water
in the reservoir supplying the pipe line.

Find the volume flow rate, cfs, and the power in the jet.
Neglect all minor losses.
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A wate: line is planned to c¢nnect a new resefvoir to an
existil.g water treatment plant. The average Nater surface
elevat. on of the reservoir is 930’ msl. The eXevation of the
inlet vorks of the treatment p ant 7 miles £or the reservoir
is 750 msl. It is anticipatec that only concrete pipe will
be ava:lable and that there sho .ld be included in the line two
(2) ga:e valves, a check val'e and four (4) 90° bends to
provide flexible routing. The jrojected peak day demand is 12
milliocr gallons. _

Determ ne the pipe diameter considering that concrete pipe is
availalle in a range of diameters from 12" to 48" in §&"
increme nts.

The tai k shown below is to be (rained teo a sewer. Determine
the si:e of new Schedule 40 pip« which will carry at least 400
gpm of 80°F water through the srstem shown. The total length
of pipe is 75 ft.
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4 GPM c¢cf SAE lube o0il at 100°F (r7iscosity, p = 480 centipoise,
sp gr ¢ 0.9) is pumped thru 2 5 miles of 3 in. schedule 40
pipe tc an ocutlying process bu:lding. The flow rate must be
increased to 6 GPM to meet new process requirements. Since
the ex.sting line cannot be removed from service for an
extended period, a parallel braich of the same size pipe will
be added and then wet-tapped tc¢ the existing line. How long
must tr2 parallel branch be to provide the increased out flow?
(Neglect ﬁhe pressure drop caus:d by the wet-tap connection.)
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13. In the below pump problem, it is desired to pump 900,000
gallons per day of water from a stream to a pool as shown
above. If the combined pump and motor efficiency is 68%,

answer the following:

1. What is the total pumping head?
2. What is the horsepower requirement?
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14. It is necessary to supply 250 standard cubic feet per second
of natural gas (CH,) at 60 psig and 70°F. The gas must travel
through a 12-inch Dia. (inside) pipe which is 3 miles long.
Calculate the required pressure at the reservoir. (Assume the
gas to be incompressible for the purpose of this problem).

15. How many gallons per minute (gpm) of gasoline (sp. gr. = 0.80)
are flowing through the 2" x 1" venturi meter shown.

c, = 0.97.

s L ;3.L
kg - SP, qi.~!
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A sharj-edged concentric orifice is to be placed between the
flange: in a horizontal pipel ne to measure the £low; the
pressu.e drop across the orif.ce is limited to 1% of the
static pressure on the line. Tie pipeline is to carry boiler
feadwa er that is being pumped into the boiler through a 4-
inch. (.iameter pipe @220°F and .00 psig at the rate of 50,000
lb/hr. Determine the diameter of the orifice, in inches.
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Water flowing in the bend discharges into the atmosphere
throug: the 2-inch nozzle. Tie bend lies in a heorizonta.
plane. Determine the resul:ant of the force the water exerts
on the bend. Neglect all losse¢s. :

~

A pump is to deliver 350 gpm f hot water. The pump is t¢
receiv: suction through a 6-inca schedule-40 pipe from a tank
elevat :d above the pump. The water 1s to be saturated liquic
at 250 psig. A net positive suition heat (NPSH) of 75 feet i:
recomm :nded for these operatiig conditions. Pipe frictior
loss w.ll average 1.0 foot for each 20 feet of height.

Determ .ne the minimum water 1l :wel elevation above the pump
center .ine to yield the specif .ed NPSH.

A cent rifugal pump is to be de:igned to pump water, at 180°F,
at a .cate of 200 gpm from a tank which is wvented to ths
atmosplere. The outlet from .he tank is located five feet
above 'hepump. The pump sucti:n line is 4" NPS, sch. 40 pips¢
which is 8 ft. 1long. This :uction line contains 2 short
radius 90° elbows. Calculate :he net positive suction heac
that w.l1 be available to the pump when the water level is at
the po.nt of suction in the ta k.
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A double suction centrifugal pump rated at 1200 gpm and 140
fr. head at 1750 RPM is set 20 ft. below the water level in a
tank in which water is maintained saturated at 70 psia the
suction line consists of 80 ft. of straight 6" schedule 40
steel pipe, 3 medium radius elbows and 3 gate valves. When
tested at 600 gpm the pump functioned satisfactorily, but when
attempts were made to test at rated capacity the pump could
not deliver. With this information, what system fault could
you verify or disprove? Show calculations and assumptions to
substantiate your conclusions.

A large centrifugal pump has a 10" diameter inlet and a 5"
diameter discharge. The measured flow rate is 818 gal./min.
The measured inlet pressure is 5" of Hg. above atmospheric and
the discharge pressure, measured at a point 4 ft. above the
pump inlet, is 30.7 psia. Pump input is 10 horsepower.

Find: a. The pump efficiency.

b. The new flow rate, net head, and BHP if the
pump speed is increased from 1750 RPM to 3500
RPM.
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A centrifugal fan operating at 1450 rpm has characteristics
shown at left, and is connected to a duct system which by
itself has a static resistance of 2.0 in. H,0 when handling
3000 cfm of std. air.

(a) At what flow, static pressure, and bhp will the fan and
duct system operate when connected together?

\
(b) Assume that it is desirable to cause 5000 c¢fm of air to
flow through the same fan and duct system by changing

pulley ratios. What speed, static pressure, - and bhp
would be required to do this? {List assumptions
necessary) . '




23.

In casas where dry-bulk materi. ls are being handled in an ai:
strean or where they can be int:-oduced into a vessel in an ai:
strean, consideration should b: given to the use of a ventur:
feeder. A venturi feeder is ¢ simple device. It is low ii
cost, light in weight and can »e fabricated by a sheet-meta.

shop.

The fcllowing data apply:

1. 2 venturi feeder as sho'n in the Figure below is t:
randle €00 pounds per hou: of a light dry powder.
2. Use 50 standard cubic f:et of air per pound of dr:

material,

Use an air velocity of 3,)00 fpm at points (1) and (3).

Use a venturi width of 5 Lnches throughout its length.

. 2 static pressure of 2.0 inches water gage (i.w.g) i
raquired at deliver (poin: (3)).

6. 2 slight vacuum is needed at the venturi throat.

wn bW

tse h,=-0.051i.w.g. .

7. Vanturi loss coefficients are as follows:
: s : . o B = B,
Crverging section, Ko= ———== = 0,07
hvz = bvl
. . \ h.,~-h
D iverging section, Ky = 22— =0.20
1%2"hw

wiere: h, velocity head, i.w.qg.
s static heac, i.w.qg.

h
h, total head = h, + h,

Prints (1), (2), (3) refe- to illustration below.

R IQUIREMENTS:

(1) Determine the required venturi height in inches, at
points (1), (2), and (3).

(1) Determine the requirid total head, h, in i.w.g. at
venturi entrance.

(1) Determine -the required fan -air hp and brake hp.
Assume a reasonakle an efficiency.

Material
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The 4’x 4’ gate shown is acting as a valve Wh

. en the wat
level above the top of the gate is 10 ft. find the forcee;
needed to open the valve. Neglect the weight of the valve.
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3. A triangular shaped vessel as shown loaded weighs 400 tons, is
60 ft. long and has its center of gravity located 13’ up the
triangle. It is afloat in sea water (Y = 641bf/ft?) . 1Is the
vessel stable in the loaded condition?
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A pump moves 1. 0 cu. ft./sec. >f water thru a 6" plipeline a:

shown. F, = 100 psig.

Assume .hat the pipe is new commercia:

steel throughout and for water v = 0.1217 x 107 ft. 2/sec.
What :s the pressure at "B" ir psi entering the machine?
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5. Water is being pumped from a deep well through a 10 inch I.D.
cast iron pipe line 1000 feet long from pump discharge into an
elevated tank whose water surface is at elevation +300 feet.
When the pump is operating continuously, the water surface in
the well draws down to elevation +175 feet. A pressure gage
located at the pump discharge at elevation +200 feet indicates
a pressure of 58 psi. Neglect minor losses. Assume L:.0% .

Required: a. Determine the pump discharge in gallons per
minute,
b. Using a combined efficiency of 65 per cent,

for the pump and motor, determine the monthly
cost of pumping if the average pumping time is
6 hours per day, and electric energy is
available at $0.06 per Kwh.
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An e; isting storage tank is available for use as a fee |
resersoir for a new process. .t is possible to use the old 1-
in. S:thedule 40 line already in place, provided 25 gpm flot
can k2 obtained. The fluid s linseed oil (viscosity = 1)
c.p., specific gravity = 0.92). The tank bottom is 30 ft
above the discharge point (open pipe on discharge). The lin:
centains 65 ft. of straight pipe, 3-90° elbows, 1 gate valve
and . globe valve. Will tle existing line be adegquate’
Assum: pipe is wrought ircn.
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A cast-iron pipe line, 12 inches inside diameter and 10,000
feet long, leading from a reservoir, terminates in a nozzle of
2-inch diameter, discharging into the atmosphere. The center
of this nozzle is 100 feet below the free surface of the water
in the reservoir supplying the pipe line.

Find the volume flow rate, cfs, and the power in the jet.
Neglect all minor losses. -
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A witer line is planned tc connect a new resefvoir to an
exi: ting water treatment. plant. The average Xater surf ce
ele'ation of the reservoir is 900’ msl. The efevation of '.he
inlet works of the treatment plant 7 miles #<T the reserviir
is "50’ msl. It is anticip:ted that only concrete pipe w.ll
be ¢vailable and that there ¢ hould be included in the line wo
(2} gate valves, a check valve and four (4) 90° bends to
pro' ide flexible routing. T e projected peak day demand is 12
mil. ion gallons. betevmire. prpt »122, Cannrede Pire 'S ovarlsbie Vb imeupeent
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11. The tank shown below is to be drained to a sewer. Determiﬁe
the size of new Schedule 40 pipe which will carry at least 400
gpm of 80°F water through the system shown. The total length

of pipe is 75 ft.
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15. How many gallons per minute (gpm) of gasoline (sp. gr. = 0.80)
are flowing through the 2" x 1" venturi meter shown.
C, = 0.97.
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A shacp-edged concentric orif .ce is to be placed between th:
flangz2s in a horizontal pipeline to measure the flow; thz2
pressire drop across the or: fice is 1limited to 1% of tle
statiz pressure on the line. The pipeline is to carry boile
feedwater that is being pumpt¢d into the boiler through a ¢-
inch. diameter pipe @220°F anc 500 psig at the rate of 50,0(0

s

1b/hr. . Determine the diameter of the orifice, in inches.
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17. Water flowing in the bend discharges into the atmosphere
through the 2-inch nozzle. The bend lies in a horizontal

plane. Determine the resultant of the force the water.exerts
on the bend. Neglect all losses.
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18. A puwip is to deliver 350 gpn of hot water. The pump is '.0
rece: ve suction through a 6-ich schedule—-40 pipe from a ta ik
elevi ted above the pump. The water is to be saturated liqu .d
at 2/0 psig. A net positive <uction heat (NPSH) of 75 feet .s
recolmended for these operating conditions. Pipe frictin
loss will average 1.0 foot fir each 20 feet of height.

Dete mine the minimum water level elevation above the punmp
cent :rline to yield the spec fied NPSH.
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19. A centrifugal pump is to be designed to pump water, at 180°F,
at a rate of 200 gpm from a tank which is vented to the
atmesphere. The outlet from the tank is located five feet
above the pump. The pump suction line is 4" NPS, sch. 40 pipe
which is 8 ft. long. This suction line contains 2 short
radius 90° elbows. Calculate the net positive suction head
that will be available to the pump when the water level is at
the point of suction in the tank,
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21. A large centrifugal pump has a 10" diameter inlet and a 5"
diameter discharge. The measured flow rate is 818 gal./min.
The measured inlet pressure is 5" of Hg. above atmospheric and
the discharge pressure, measured at a point 4 ft. above the
pump inlet, is 30.7 psia. Pump input is 10 horsepower.

Find:  a. The pump efficiency.
b. The new flow rate, net head, and BHP if the
pump speed is increased from 1750 RPM to 3500
RPM.
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